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Abstract
Introduction—US disparities in Black:White infant mortality are persistent. National trends,
however, may obscure local successes.
Methods—Zero-corrected, negative binomial multivariable modeling was used to predict Black
infant mortality (1999–2003) in all US counties with reliable rates. Independent variables included
county population size, racial composition, educational attainment, poverty, income and
geographic origin. Resilient counties were defined as those whose Black infant mortality rate
residual score was <2.0. Mortality data was accessed from the Compressed Mortality File
compiled by the National Center for Health Statistics and found on the CDC WONDER website.
Demographic information was obtained from the US Census.
Results—The final model included the percentage of Blacks, age 18 to 64 years, speaking little
or no English (P<.008), a socioeconomic index comprising educational attainment, poverty, and
per capita income (P<.001), and household income in 1990 (P<.001). After accounting for these
factors, a stratum comprising Essex and Plymouth Counties, Mass.; Bronx, N.Y.; and Multnomah,
Ore. was identified as unusually resilient. Percentage of Black poverty and educational attainment
in Black women in the resilient stratum approximated the average for all 330 counties, In 1979,
Black infant mortality in the resilient stratum (23.6 per 1,000 live births) exceeded Black US
infant mortality (22.6). By 2001, Black infant mortality in the resilient stratum (5.6) was below the
corresponding value for Whites (5.7). Resilient county neonatal mortality declined both early and
late in the observation period, while post-neonatal declines were most marked after 1996.
Conclusions—Models for reduction/elimination of racial disparities in US infant mortality,
independent from county-level contextual measures of socioeconomic status, may already exist.
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Infant mortality rate (IMR) reflects access and quality of pre- and postnatal maternal and
infant medical care and is linked to community health status.1 IMR may also be a proxy for
overall maternal and infant health, since preterm labor and/or delivery (PTD), and low
birthweight or very low birthweight are significant contributors to infant mortality.2
Unfortunately, IMR stands as a marker of continued US health disparity. Black infant
mortality is consistently more than twice that of White infants (14.1 vs 5.7 for 1999–2005),3
and nationally, the Black:White infant mortality rate ratio increased from 2.0 in 1979 to 2.4
in 2005. While monitoring of national trends is important, exclusive reliance on national,
state or regional data may obscure important successes (or failures) at the local level.4 We
used transgeographic analysis5 to learn whether a stratum of communities having greater
resilience to disparities in Black:White infant mortality might be found.
METHODS
We used the Compressed Mortality File (CMF) from the National Center for Health
Statistics (NCHS), a national mortality and population database in the public domain that
contains annual county, age, sex, race, and cause-specific data for the period 1979 to 2005.6
We identified all US counties with stable Black and White infant mortality rates as defined
by NCHS (at least 20 deaths) for the period 1999–2003 sufficient to meet standards of
confidentiality. This period was selected to provide data that was both current and close to
the 2000 Census. We merged the infant mortality data with data from the US Census.7
Independent variables included: a) a socioeconomic index,8 which was calculated by adding
county rank for the percent Black women aged ≥25 years, with <high school education to
county rank for percent Blacks with annual income below poverty, and 1/county rank for per
capita income; the higher the socioeconomic index, the lower the county socioeconomic
status; b) percent Blacks with annual income below poverty; c) total population; d) percent
Black-alone population; e) percent foreign-born; f) percent population born in another state
and born in the south (This variable is found in the 2000 Census survey, and represents a
single indicator. For clarification: when surveyed by the Census, these individuals reported
that they were not born in their current state of residence, and the state of their birth is
documented as Southern. Research has demonstrated that there is increased vulnerability for
multiple negative health outcomes for individuals born in the South, including but not
limited to cardiovascular disease and cancer); g) household income in 1990 and 2000; h)
percent Blacks aged 18 to 64 years speaking little or no English; i) ethnic diversity; j)
number of White live births; and k) Black:White infant mortality rate ratio. Strong
correlations were found between the socioeconomic index and percent Blacks with annual
income below poverty and between White infant mortality and Black:White infant mortality
rate ratio. Percent Blacks with annual income below poverty and White infant mortality
were therefore not considered in the initial model. The Poisson distribution was rejected for
modeling because the value of the ratio between the deviance and the degrees of freedom
(40.0) was far in excess of 1.0. Instead, we used the more stable negative binomial model.
9,10 This was zero-corrected because county selection was based on having at least 20
Black infant deaths during the observation period. The SAS GEN-MOD (SAS Institute,
Cary, N.C., 1999) procedure was used to formulate the final model. Resilient counties were
defined as those with standardized residual values of <2.0. Yearly (1979 to 2005) race-
specific infant, neonatal and post-neonatal infant mortality was recorded for the stratum of
resilient counties and for the United States as a whole.
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Of the 3,141 US counties and county equivalents (parishes, independent cities, and the
District of Columbia), 330 had 20 or more Black infant deaths in 1999–2003. These counties
comprised 84% of all US Black infant deaths and 54% of all White US infant deaths in the
observation period. Results for the final multivariable model are shown in Table 1.
Statistically significant associations with Black infant mortality for 1999–2003 included
percent foreign-born (P<.001), percent Blacks speaking little or no English (P<.001),
socioeconomic index (P<.001), and household income in 1990 (P<.018).
After accounting for all factors in the final model, Black infant mortality in the following
counties were found to have residual values of <2.0 (that is, the county’s Black infant
mortality for 1999–2003 was significantly less than that predicted by the model): Essex and
Plymouth Counties, Mass.; Bronx County, N.Y.; and Multnomah County, Ore. Notably,
these counties were not socioeconomic outliers. On the contrary, the mean ± standard
deviation for percentage of Blacks with annual income below poverty was 24.3% ± 0.4 in
the resilient stratum and 25.4 ± 0.8 for all 330 counties. Similarly the percentage of Black
women aged ≥25 years, without a high school education was 26.1 ± 0.4 in the resilient
counties and 27.0 ± 0.8 for all 330 counties. Corresponding values for the nation as a whole
according to the 2000 US Census are 30.7 ± 0.2 (percent Blacks with annual income below
poverty) and 26.3 ± 0.2 (percent Black women aged ≥25 years who are not high school
graduates. According to the 2000 US Census, the percent White individuals aged ≥25 years
who were not high school graduates was 16.4% and the percent Whites with annual income
below poverty was 8.9%.
Figures 1 through 3 show annual race-specific mortality rates for the United States as a
whole and for Blacks in the resilient stratum. Figure 1 details infant mortality, while Figures
2 and 3 show neonatal and post-neonatal infant mortality respectively. Interestingly, these
three figures demonstrate a parallel decline in Black and White infant mortality from 1979
through 2005, resulting in consistent disparities of outcomes. However, there are remarkable
and dramatic declines in the same indices for the resilient Black communities resulting in
rates similar to Whites in 2005.
DISCUSSION
Contrary to commonly accepted reports based on national or regional samples,11,12
Black:White disparities in infant mortality are not inevitable in the United States. After
accounting for socioeconomic and other demographic factors, we identified a stratum of US
counties in which racial disparities in overall, neonatal and post-neonatal infant mortality
had been reduced and on occasion eliminated or reversed between 1979 and 2005, even
though Blacks in these counties had substantially lower educational attainment and higher
levels of poverty than White Americans. The data are therefore consistent with the
hypothesis that in the resilient counties, poverty was not eliminated, but perhaps was
overcome. Our study does not supply sufficient evidence to determine if the improved
outcomes are based on medical or sociologic impact, both or neither. But, it does suggest a
need to hone in on such counties to identify the contributing factors.
Many theoretical explanations for Black-White differences in IMR are plausible. Low
socioeconomic status, low educational status, race, differences in quality of medical care
(prenatal care: content, onset, quality in terms of frequency and timeliness),13 subspecialty
care and hospital quality have all been suggested.14 In addition, stress, environmental issues
such as problems with the water supply (contamination, as in Monsanto and Anniston, Al),
toxins, racism, substance abuse, nutrition issues, and bacterial vaginosis or other infectious
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diseases may be culprits.15,16 Given evidence of multi-factorial influences on birth
outcomes, our study may suggest a need for evaluation of the identified successful counties
to see how they have addressed the leading health indicators, such as overweight and
obesity, environmental quality, immunization, access to health care, responsible sexual
behavior, mental health, injury and violence prevention, physical activity, and avoidance of
substance abuse and tobacco use.
Methods similar to those used in the present study have also been applied to HIV/AIDS and
screening mammography.17 These studies demonstrated that widened US Black:White
disparities in HIV mortality occurred among all age groups following the licensure of
Highly Active Antiretroviral Treatment (HAART) for HIV/AIDS and after implementation
of reimbursement for screening by Medicare, but also demonstrated that these were not
inevitable. As in our study, county-level success was not equated with unusually high
county-level socioeconomic status. Instead, it is hypothesized that resilience reflected a
more equitable racial diffusion of health care innovation. Meis et al 18 have also conducted
secondary analyses of a randomized trial of 17α-hydroxyprogesterone in women that raised
the questions about unequal diffusion of innovation to economically under-served, and
medically under-served communities.
Our study has several limitations. First is its reliance on death certificate data. Death
certificates do not provide relevant information concerning the mother and her use of
prenatal care or the type and quality of post-natal care. Some information regarding pre-
natal care is available through Linked Birth/Infant Death Records (CDC), but a
comprehensive understanding of why success came to the resilient counties would require
reconstruction of health and illness records in these communities as compared to less
successful geographic areas. Second, we used ecological socioeconomic and demographic
descriptors. It is not necessarily true that results from ecologic analyses will match those that
include information at the individual level. Third, there is debate in the biostatistical
literature concerning the best model for use in the multivariate analyses.9,10 The current
evidence is that negative binomial models provide the most valid option. Fourth, in selecting
the particular communities identified out of the overall reliable sources of communities, we
may have eliminated communities of note. Although our analysis accounted for 84% of the
Black deaths and 54% of the White deaths, there may be something or significance in
communities with very low numbers of infant deaths that represent long-term success rather
than “unstable rates.” By eliminating these communities, we have possibly limited the
findings of this study. Fifth, social, environmental, community, maternal and/or paternal
influences, lifestyle, maternal and/or neonatal interventions (or lack thereof) may all
contribute to the occurrence of the identified mortality rates in the anomalous communities.
Health care needs to be evaluated not only in terms of availability and affordability, but in
actual content and quality of delivery and services. Equity in health care, rather than just
enhancing the technological basis of care, may be part of the missing link to solving this
conundrum. In addition, we may need to also observe for not only decreases in IMR, but for
prevention of increases in these rates. African American women, even if college-educated,
have an excess mortality rate that is 90% higher than that of White college-educated women.
19
In conclusion, the present data and much of the current literature suggest that continued US
infant mortality health disparities go beyond race, socioeconomic status and health care.
Murray et al,20 for example, describe this by noting, “The observed disparities in life
expectancy cannot be explained by race, income or basic healthcare access and utilization
alone.” Similarly, we, in the United States, have observed the “paradoxical” occurrence
whereby recent immigrants from Mexico, the Caribbean, Africa and elsewhere, regardless of
their financial status on arrival to this country and despite poverty and poor education, have
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low birthweight, preterm delivery, SIDS, as well as infant mortality rates less than or
equivalent to that of Whites. Notably, acculturation of immigrant groups is associated with
their subsequent experiences of poorer health outcomes.
IMPLICATIONS FOR IMPROVING HEALTH DISPARITIES
The present data give hope that infant mortality disparities may not be inevitable. Further
investigation of resilient counties and/or communities may help guide interventions capable
of improving birth outcomes nationally.
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Infant mortality. Race-specific US and resilient Black stratum (Essex and Plymouth
Counties, MA; Bronx, NY; Multnomah, OR). 1979–2005
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Neonatal mortality. Race-specific US and resilient Black stratum (Essex and Plymouth
Counties, MA; Bronx, NY; and Multnomah, OR). 1979–2005
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Post-neonatal infant mortality. Race-specific US and resilient Black Stratum (Essex and
Plymouth Counties, MA; Bronx, NY; Multnomah, OR). 1979–2005
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